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(54) OPTICAL RECORDING AND REPRODUCING SOLID IMMERSION LENS AND 
OPTICAL RECORDING AND REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a optical 
recording/reproducing device capable of high density 
optical recording/reproducing and a solid immersion lens 
suited to it. 

SOLUTION: This device is provided with a laser beam 
source 10 generating a laser beam of at least partial 
wavelength range of wavelength 350 nm to 700 nm, an 
objective lens 15 arranged close to a surface recording 
face 1a of a magneto-optical disk 1 and condenses the 
light from the laser beam source, a solid immersion lens 
16 receiving laser luminous flux from this objective lens 
and forming a recording/reproducing condensing spot on 
the recording face, a motor rotating the magneto-optical 
disk 1 and a movable optical system 12 scan moving the 

solid immersion lens in the radial direction in the state approaching the solid immersion lens 
to the recording face of the rotating magneto-optical disk. At this time, the solid immersion 
lens 16 is formed from the material having a refractive index for the laser beam from the laser 
beam source 10 becomes 2.0 or above. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which performs information record and 
playback to record media, such as an optical disk, using a laser beam, especially the optical record 
regenerative apparatus which approaches a record medium and comes to arrange a solid immersion lens. 

[0002] 

[Description of the Prior Art] In recent years, the play back system which makes effectual numerical 
aperture of optical system one or more using a solid immersion lens (called a solid emersion lens or SIL) 
in the equipment which carries out record playback of the information optically or a system especially a 
magneto-optic-recording regenerative apparatus, or a system for the purpose of raising recording density 
is proposed. 

[0003] An example of such an optical record regenerative apparatus is shown in drawing 13 , and it 
becomes the parallel flux of light within the fixed optical system 902, and the laser beam (wavelength of 
650nm) injected from semiconductor laser 901 changes a direction by the mirror 904,905 within the 
movable optical system 903, is led to an objective lens 906, turns into light which condenses toward the 
solid immersion lens 907 made from semi-sphere-like glass (refractive index 1.5), and forms a spot in 
the lens base of a solid immersion lens 907. Contiguity arrangement of the base of a solid immersion 
lens 907 is carried out on the front face of the optical record medium (for example, magneto-optic disk) 
910, and the front face of the optical record medium 910 is approaching to the approaching space field at 
the base of a lens of a solid immersion lens 907, and forms a condensing spot in a recording surface 
using the transmitted light and effusion light (EBANESSENTO light) of a solid immersion lens 907. 
[0004] It is in the condition of carrying out high-speed rotation of the optical record medium 910 on the 
occasion of record playback of the information by this equipment, and the condensing spot formed in the 
front face of the optical record medium 910 performs record playback of the optical information on high 
density, making radial carry out scan migration of the solid immersion lens 907 according to the 
movable optical system 903, and adding a focus servo according to an objective lens 906 and a control 
system 908. Thus, the diameter of a condensing spot formed is decided by numerical-aperture N=n- 
sintheta (however, the refractive index of the n:solid immersion lens 907, theta: include angle which 
carries out incidence to a solid immersion lens) of a solid immersion lens 907, and wavelength lambda, 
and is lambda/(n-sintheta) mostly. 
[0005] 

[Problem(s) to be Solved by the Invention] In such an optical record regenerative apparatus, although 
the demand which makes the diameter of a condensing spot as small as possible, and raises recording 
density is strong, it is so desirable that wavelength lambda is so short that the refractive index n of a 
solid immersion lens is large in order to make the diameter of a condensing spot small so that the above- 
mentioned relation may show. Here, there is a limitation in short wavelength-ization of a laser beam, 
and when using semiconductor laser especially as a laser light source, although it is a red field 



(wavelength of 600-700nm), by current, it is thought that a blue field (wavelength of 350-550nm) is also 
a minimum in the future. However, it was very difficult to enlarge a refractive index to the light of such 
short wavelength in the case of a glass ingredient. 

[0006] This invention is what took the example by such situation, and it aims at forming a condensing 
spot smaller than before using a solid immersion lens, and offering the optical record regenerative 
apparatus in which optical record playback of high density is possible, and offering the solid immersion 
lens suitable for such equipment. 
[0007] 

[Means for Solving the Problem] For such purpose achievement, the solid immersion lens concerning 
this invention is made from the ingredient with which the refractive index to the light of some [ with a 
wavelength of 350nm - 700nm / at least ] wavelength range becomes 2.0 or more, and it is used in order 
to condense the light of some [ this / at least ] wavelength range and to make the condensing spot for 
optical record playback form. In addition, as an ingredient suitable for forming such a solid immersion 
lens, there are a diamond, strontium titanate, silicon carbide, a rutile, gallium phosphide, zinc sulfide, an 
arsenic sulfide, lithium niobate, a zirconium dioxide, silicon nitride, etc. 

[0008] Moreover, the laser light source which the optical record regenerative apparatus concerning this 
invention makes generate the laser beam of some [ with a wavelength of 350nm - 700nm / at least ] 
wavelength range, The solid immersion lens in which are arranged in, and it is condensed and the 
condensing spot for record playback is made to approach on the surface of a record medium, and to form 
in response to the laser beam bundle which carries out incidence on the surface of a record medium (for 
example, magneto-optic disk) from a laser light source, The scan drive which makes the scan migration 
of the solid immersion lens carry out in the flat-surface movement direction and the different direction in 
the medium drive to which flat-surface movement (rotation) of the record medium is carried out, and the 
condition of having made the solid immersion lens approaching the front face of the record medium 
which is carrying out flat-surface movement (For example, head arm equipment) It has, and it is 
constituted and the solid immersion lens is made from the ingredient with which the refractive index to 
the laser beam from a laser light source becomes 2.0 or more. 

[0009] Thus, in this invention, the ingredient of a solid immersion lens and the laser beam condensed by 
this solid immersion lens are chosen suitably, and a solid immersion lens and a laser beam are used 
under the combination of the conditions from which a refractive index becomes 2.0 or more. For this 
reason, a solid immersion lens is used with a big refractive index, a condensing spot is made small, and 
record playback of the information on high density is attained. 

[0010] In addition, it is desirable to constitute so that it may be put on the recording surface of the record 
medium which is carrying out flat-surface movement with the medium drive, an optical record 
regenerative apparatus can be constituted using the slider which surfaces from this recording surface by 
air bearing, and is located, a solid immersion lens may be arranged by the slider in this case and scan 
migration of the slider may be carried out by the scan drive. If it does in this way, in order that a slider 
may always maintain a fixed distance by air bearing and may surface from a recording surface, the focal 
device of a lens becomes unnecessary. Moreover, the objective lens which a slider is made to condense 
the laser beam bundle from a laser light source, and is made to irradiate a solid immersion lens can be 
prepared, and a configuration can be simplified. 

[001 1] Moreover, it is desirable to form the jogging actuator which makes the minute migration of the 
slider carry out in the scan migration direction and this direction in a scan drive. Thereby, in a scan 
drive, control performs difficult fine tracking control and the higher-density and highly precise record 
playback of it is attained. 

[0012] The optical prism or optical mirror for reflecting the laser beam from a laser light source in a 
slider, and leading to an objective lens can be prepared. In this case, it is desirable to form the jogging 
actuator which tunes the inclination of the reflector of an optical prism or an optical mirror finely. 
Thereby, the degree of freedom of optical system becomes high, and it becomes possible in highly 
precise tracking control with a jogging actuator. 

[0013] The component which has the giant magneto-resistance or the magneto-resistive effect for 



playback to a slider may be prepared, and the equipment which is a small compact and can perform 
highly precise playback by this can be obtained. Moreover, may prepare coiled form conductive wiring 
in the location which counters the record medium in a slider, this conductive wiring is made to perform 
the field modulation of a record medium, and over-writing of record is attained. 
[0014] 

[Embodiment of the Invention] Hereafter, the desirable operation gestalt of this invention is explained 
with reference to a drawing. The 1st operation gestalt of the optical record regenerative apparatus 
concerning this invention is shown in drawing 1 , a laser beam with a wavelength of about 650nm is 
irradiated toward the fixed optical system 1 1 from semiconductor laser 10, in the fixed optical system 
1 1, it becomes the parallel flux of light, and the 1st mirror 13 within the movable optical system 12 
irradiates. Thus, the irradiated laser beam can change a direction by the 1st and 2nd mirrors 13 and 14 in 
the movable optical system 12, is led to an objective lens 15, turns into light which condenses toward 
the solid immersion lens 16 made from semi-sphere-like silicon carbide (SiC), and forms a spot in the 
lens base of a solid immersion lens 16. Contiguity arrangement of the base of a solid immersion lens 16 
is carried out at surface la of a magneto-optic disk (optical record medium) 1, and surface la of a 
magneto-optic disk 1 is approaching to the approaching space field at the base of a lens of a solid 
immersion lens 16, and forms a condensing spot in recording surface la using the transmitted light and 
effusion light (EBANESSENTO light) of a solid immersion lens 16. 

[0015] It is in the condition of carrying out high-speed rotation of the magneto-optic disk 1 in the 
horizontal plane the core [ revolving-shaft lb ] on the occasion of record playback of the information by 
this equipment, and the condensing spot formed in surface la of a magneto-optic disk 1 performs record 
playback of the optical information on high density, making radial carry out scan migration of the solid 
immersion lens 16 according to the movable optical system 12, and adding a focus servo according to an 
objective lens 15 and a control system 17. 

[0016] The refractive index of the silicon carbide which is the ingredient of a solid immersion lens 16 
here is 2.63 in a laser beam with a wavelength of about 650nm. For this reason, with the combination of 
the semiconductor laser 10 and the solid immersion lens 16 made from silicon carbide which inject a 
laser beam with a wavelength of 650nm as mentioned above, compared with the case where the glass 
ingredient which is about 1.5 refractive index constitutes a solid immersion lens, the diameter of a 
condensing spot can be made into 57% of magnitude, and recording density can be made into about 3 
times. 

[0017] In addition, in the above-mentioned operation gestalt, although the laser beam with a wavelength 
of 650nm and the solid immersion lens made from silicon carbide were used, combination other than 
this may also be possible, for example, combination as shown in degree table 1 is sufficient. 
[0018] 
[Table 1] 

An ingredient A refractive index (n) Wavelength (lambda) Diamond 2.41 650nm strontium titanate 2.4 
650nm rutile 2.6 650nm gallium phosphide 3.3 650nm zinc sulfide 2.37 650nm arsenic sulfide 2.5 
650nm lithium niobate 2.28 650nm zirconium dioxide 2.2 650nm silicon nitride 2.01 650nm [0019] 
Next, the 2nd operation gestalt of the optical record regenerative apparatus concerning this invention is 
explained with reference to drawing 2 and drawing 3 . This equipment has the information record 
reproducing head 20 approached and located on top-face recording surface la of the magneto-optic disk 
1 by which a rotation drive is carried out a core [ revolving-shaft lb ] with a spindle motor 2, and head 
arm equipment 30 holding this information record reproducing head 20, and is constituted. 
[0020] The information record reproducing head 20 is equipped with the slider 21, and a slider 21 is 
located on top-face recording surface la of the rotating magneto-optic disk 1, and will be in the 
condition that only regularity minute distance surfaced from top-face recording surface la according to 
the air bearing effectiveness (that is, a flying head is constituted). Head arm equipment 30 consists of the 
arm section 33 horizontally prolonged from the upper limit of the revolving shaft 32 by which is 
connected with a voice coil motor 31 and a rotation drive is carried out, and this revolving shaft 32, and 
the suspension section 34 which supports it on the pars intermedia inferior surface of tongue of the arm 



section 33 as permits migration of the upper and lower sides of the information record reproducing head 
20. If the rotation drive of the revolving shaft 32 is carried out by the voice coil motor 31, rocking 
migration of the arm section 33 will be carried out horizontally, the information record reproducing head 
20 is mostly moved in the direction of a right angle (radial) to the hand of cut of a magneto-optic disk 1, 
and the information record reproducing head 20 is scanned on top-face recording surface la of a 
magneto-optic disk 1 . That is, tracking control is performed. 

[0021] In the information record reproducing head 20, opening 21a of the shape of a circular taper which 
spreads up to a slider 21 is formed, the solid immersion lens 22 made from strontium titanate (SrTi03) 
is arranged in opening 21a, and the objective lens 23 is arranged in the upper part. The arm section 33 of 
head arm equipment 30 is prolonged to the objective lens 23 and the location which counters up and 
down, and while that point has and carries out the reflector 35 which inclined 45 degrees, the high 
reflective film is prepared in this reflector 35 here. In addition, opening 21a may be made full of the 
ingredient which has transparence or light transmission nature. 

[0022] The arm section 33 is formed from hollow or a transparent material, and the laser beam for 
record can penetrate the interior, as the chain line shows. The laser beam for record with a wavelength of 
650nm is irradiated like the chain line through the arm section 33 from the record light irradiation device 
(laser light source) which is not illustrated, after being reflected in the reflector 35 with the high 
reflective film, it converges with an objective lens 23, and incidence of this laser beam is carried out to a 
solid immersion lens 22, and it forms a condensing spot in top-face recording surface la of a magneto- 
optic disk 1 . 

[0023] Actuation of the information record regenerative apparatus of the above configuration is 
explained. A magneto-optic disk 1 is first rotated at the rate of predetermined with a spindle motor 2, 
and the information record reproducing head 20 which was supported by the suspension section 34 of 
head arm equipment 30, and has been arranged on top-face recording surface la of a disk 1 is made into 
the condition that only minute distance surfaced from top-face recording surface la according to the air 
bearing effectiveness. In this condition, it is reflected in a reflector 35, and it converges with an 
objective lens 23, the laser light for record irradiated from the record light irradiation device is irradiated 
[ it irradiates in accordance with the optical path shown with the chain line, and ] by the solid immersion 
lens 22, and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. 
[0024] The magneto-optic disk 1 is driven by constant-speed rotation, the flying height of a slider 21 is 
always fixed, and this flying height is set up here so that a condensing spot may connect a focus to a top- 
face recording surface. For this reason, it is not necessary to establish a focusing device, moreover, the 
flying height --****-- it is minute, recording surface la of a magneto-optic disk 1 approaches to the 
approaching space field at the base of a lens of a solid immersion lens 22, and a condensing spot is 
formed of the transmitted light and effusion light of a solid immersion lens 22. 
[0025] Thus, when recording information by the condensing spot light formed, the condensing spot 
section heats by the laser light irradiated here first more than Curie temperature, the magnetism of this 
part changes using the equipment which impresses an external magnetic field (magnetization reverses), 
information record performs, but since it is the thing of already the common knowledge about this, the 
equipment which impresses an external magnetic field does not illustrate, but also omits that actuation 
explanation. Moreover, the equipment which detects a magnetooptic Kerr effect is used about 
informational playback (reading), and illustration and its explanation are omitted also about this. 
[0026] Although such information record is performed by moving the information record reproducing 
head 20 to radial [ of a magneto-optic disk 1 ] corresponding to rotation of a magneto-optic disk 1 
(scanning), the arm section 33 is rotated centering on a revolving shaft 32 with the voice coil motor 31 
of head arm equipment 30, a scan, i.e., the tracking, of this information record reproducing head 20, and 
it is performed. In addition, it is good also by the linear mold actuator in this rotation. 
[0027] In the case of this 2nd operation gestalt, a solid immersion lens 22 is made from strontium 
titanate, the laser beam for record with a wavelength of 650nm is irradiated from a record light 
irradiation device, a condensing spot is formed, and it is the refractive index n= 2.4 of the solid 
immersion lens 22 at this time. For this reason, a condensing spot smaller than the case where the solid 



immersion lens made from a glass ingredient is used is formed, and high density record playback is 
possible. 

[0028] Next, the 3rd operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 4 . This equipment has the information record 
reproducing head 40 approached and located on top-face recording surface la of the magneto-optic disk 
1 by which a rotation drive is carried out a core [ revolving-shaft lb ] with a spindle motor 2, and head 
arm equipment 50 holding this information record reproducing head 40, and is constituted. 
[0029] The information record reproducing head 40 is equipped with the slider 41, and a slider 41 is 
located on top-face recording surface la of the rotating magneto-optic disk 1, and will be in the 
condition that only regularity minute distance surfaced from top-face recording surface la according to 
the air bearing effectiveness. Head arm equipment 50 consists of the arm section 53 horizontally 
prolonged from the upper limit of the revolving shaft 52 by which is connected with a voice coil motor 
51 and a rotation drive is carried out, and this revolving shaft 52, and the suspension section 54 which 
supports it in the point of the arm section 53 as permits migration of the upper and lower sides of the 
information record reproducing head 40. Rocking migration of the arm section 53 is horizontally carried 
out by the voice coil motor 51, the information record reproducing head 40 is mostly moved in the 
direction of a right angle (radial) to the hand of cut of a magneto-optic disk 1, and tracking control on 
top-face recording surface la of the magneto-optic disk 1 of the information record reproducing head 40 
is performed. 

[0030] In the information record reproducing head 40, opening 41a of the shape of a circular taper which 
spreads up to a slider 41 is formed, the solid immersion lens 42 made from silicon carbide (SiC) is 
arranged in opening 41a, and the objective lens 43 is arranged in the upper part. Furthermore, the micro 
prism 45 is located and arranged above the objective lens 43 through the spacer 44. In addition, the 
micro prism 45 has the reflector 46 in which the high reflective film was prepared. Also in this case, 
opening 41a may be made full of the ingredient which has transparence or light transmission nature. 
[0031] With this equipment, the laser beam for record with a wavelength of 650nm is irradiated like the 
chain line toward the reflector 46 of the micro prism 45 from the record light irradiation device (laser 
light source) which is not illustrated, after being reflected in a reflector 46, it converges with an 
objective lens 43, and incidence of this laser beam is carried out to a solid immersion lens 42, and it 
forms a condensing spot in top-face recording surface la of a magneto-optic disk 1. 
[0032] Since actuation of the information record regenerative apparatus of the above configuration is 
almost the same as that of the case of the 2nd operation gestalt shown in drawing 2 and drawing 3 , the 
explanation is omitted. In the case of this 3rd operation gestalt, a solid immersion lens 42 is made from 
silicon carbide (SiC), the laser beam for record with a wavelength of 650nm is irradiated from a record 
light irradiation device, a condensing spot is formed, and it is the refractive index n= 2.63 of the solid 
immersion lens 42 at this time. For this reason, a condensing spot smaller than the case where the solid 
immersion lens made from a glass ingredient is used is formed, and high density record playback is 
possible. 

[0033] Next, the 4th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 5 . This equipment has the information record 
reproducing head 60 with the jogging micro mirror 64, and head arm equipment 70 holding this 
information record reproducing head 60, and is constituted. 

[0034] The information record reproducing head 60 consists of the solid immersion lenses 62, the 
objective lenses 63, and the jogging micro mirrors 64 which were arranged like illustration on the slider 
61 which surfaces on top-face recording surface la of the magneto-optic disk 1 which rotates by air 
bearing, and this slider 61 . In addition, the jogging micro mirror 64 has the actuator 66 which can tune 
the inclination of the reflective mirror side 65 finely. Head arm equipment 70 consists of a revolving 
shaft 72 by which a rotation drive is carried out with a voice coil motor 71, the arm section 73 which 
leads to this revolving shaft 72, and the suspension section 74 which supports the information record 
reproducing head 60 in the point of the arm section 73. 

[0035] Rocking migration of the arm section 73 is horizontally carried out by the voice coil motor 71. 



Although the information record reproducing head 60 is mostly moved in the direction of a right angle 
(radial) to the hand of cut of a magneto-optic disk 1 and tracking control on top-face recording surface 
la of the magneto-optic disk 1 of the information record reproducing head 60 is performed At this time, 
the inclination of the reflective mirror side 65 can be finely tuned with an actuator 66 in the jogging 
micro mirror 64, minute tracking control can be performed, and tracking control in high degree of 
accuracy can be extremely performed now. 

[0036] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 65 of the jogging micro mirror 64 and is reflected in 
the reflective mirror side 65 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 63, incidence is carried out to a solid immersion lens 62, 
and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. With this 
equipment, a solid immersion lens 62 is made from silicon carbide (SiC), the laser beam for record with 
a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is formed, 
and it is the refractive index n= 2.63 of the solid immersion lens 62 at this time. For this reason, a 
condensing small spot is formed and high density record playback is possible. 
[0037] Next, the 5th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 6 . In this equipment, the information record 
reproducing head 80 consists of the solid immersion lenses 82, the objective lenses 83, and the micro 
mirrors 84 which were arranged like illustration on the slider 81 which surfaces on top-face recording 
surface la of the magneto-optic disk 1 which rotates by air bearing, and this slider 81. In addition, as a 
solid immersion lens 82 is surrounded on the base of a slider 81, the micro coil 86 (refer to drawing 7 ) 
equipped with the coiled form conductive wiring 87 is embedded on it. By energizing to this conductive 
wiring 87, it is possible an over-write [ perform the field modulation of the part which the micro coil 86 
in recording surface la of a magneto-optic disk 1 counters, and / record ]. 

[0038] Head arm equipment 90 consists of a revolving shaft 92 by which a rotation drive is carried out 
with a voice coil motor 91, the arm section 93 which leads to this revolving shaft 92, and the suspension 
section 94 which supports the information record reproducing head 80 through the jogging actuator 100 
in the point of the arm section 93. The configuration of the jogging actuator 100 is shown in drawing 8 , 
and the laminating mold piezoelectric device 103 is arranged between the fixed block 101 connected 
with the arm section 93, and the movable block 102 connected with the suspension section 94, and it is 
constituted. The minute migration of the movable block 102 can be made to carry out in the direction of 
an arrow head to a fixed block 101 by performing energization control to a piezoelectric device 103. In 
addition, a jogging actuator may be replaced with the thing of a piezo-electric mold, and you may 
constitute from a thing of the type using electromagnetic force or electrostatic force. 
[0039] Rocking migration of the arm section 93 is horizontally carried out by the voice coil motor 91, 
the information record reproducing head 80 is mostly moved in the direction of a right angle (radial) to 
the hand of cut of a magneto-optic disk 1, and tracking control on top-face recording surface la of the 
magneto-optic disk 1 of the information record reproducing head 80 is performed. At this time, the 
jogging actuator 100 can perform minute tracking control of the information record reproducing head 
80, and tracking control in high degree of accuracy can be performed extremely. 
[0040] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 85 of the micro mirror 84 and is reflected in the 
reflective mirror side 85 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 83, incidence is carried out to a solid immersion lens 82, 
and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. With this 
equipment, a solid immersion lens 82 is made from silicon carbide (SiC), the laser beam for record with 
a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is formed, 
and it is the refractive index n= 2.63 of the solid immersion lens 82 at this time. For this reason, a 
condensing small spot is formed and high density record playback is possible. 
[0041] Next, the 6th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 9 . In this equipment, the information record 



reproducing head 110 consists of the solid immersion lenses 1 12, the objective lenses 1 13, and the micro 
mirrors 1 14 which were arranged like illustration on the slider 1 1 1 which surfaces on top-face recording 
surface la of the magneto-optic disk 1 which rotates by air bearing, and this slider 1 1 1 . In addition, the 
micro coil 86 as shown in drawing 7 like the 5th operation gestalt is embedded on the base of a slider 

111. It is possible an over- write [ this performs the field modulation of the part which the micro coil 86 
in recording surface la of a magneto-optic disk 1 counters, and / record ]. 

[0042] The giant magneto-resistance component (GMR component) 130 used for playback of the 
information recorded on the magneto-optic disk 1 is attached at the tip of a slider 1 1 1 as the reproducing 
head. This giant magneto-resistance component 20 is explained with reference to drawing 10 - drawing 
12. 

[0043] The enlarged display only of the magneto-resistive effect component 130 is taken out and carried 
out to drawing 10 , and it covers with the magnetic shielding 131,132 of the upper and lower sides of the 
GMR sensor 137 of 4 layer structure, and two electrodes 138,139 prepared on this, and is constituted so 
that drawing 1 1 which shows the cross section of this component 130, and drawing 12 may show well. 
The GMR sensor 137 is formed in four layers in piles like illustration of the antiferromagnetism film 
133, the 1st magnetic film 134, a nonmagnetic membrane 135, and the 2nd ferromagnetic 136, and has 
the so-called spin bulb structure. In addition, Cu was used for the nonmagnetic membrane 135 at the 1st 
and 2nd magnetic films 134,136 at the antiferromagnetism film 133 using NiFe using FeMn. 
[0044] Head arm equipment 120 consists of a revolving shaft 122 by which a rotation drive is carried 
out with a voice coil motor 121, the arm section 123 which leads to this revolving shaft 122, and the 
suspension section 124 which supports the information record reproducing head 1 10 in the point of the 
arm section 123. Rocking migration of the arm section 123 is horizontally carried out by the voice coil 
motor 121, the information record reproducing head 1 10 is mostly moved in the direction of a right 
angle (radial) to the hand of cut of a magneto-optic disk 1, and tracking control on top-face recording 
surface la of the magneto-optic disk 1 of the information record reproducing head 1 10 is performed. 
[0045] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 1 15 of the micro mirror 1 14 and is reflected in the 
reflective mirror side 115 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 1 13, incidence is carried out to a solid immersion lens 

1 12, and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. With 
this equipment, a solid immersion lens 1 12 is made from silicon carbide (SiC), the laser beam for record 
with a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is 
formed, and it is the refractive index n= 2.63 of the solid immersion lens 82 at this time. For this reason, 
a condensing small spot is formed and high density record playback is possible. 

[0046] Thus, when recording information by the condensing spot light formed, first, the condensing spot 
section is heated by the laser light irradiated here more than Curie temperature, the magnetism of this 
part is changed using the equipment which impresses the external magnetic field which is not illustrated 
(magnetization is reversed), and information record is performed. Playback of the information which did 
in this way on the other hand, and was recorded on the magneto-optic disk 2 is performed by the giant 
magneto-resistance component 130. This playback is performed where a sense current as carried out the 
seal of approval of the electrical potential difference between two electrodes 138,139 and shown in 
drawing by the arrow head C is passed in the GMR sensor 137, and it is performed using the magneto- 
resistive effect that magnetization of the GMR sensor 137 rotates by the field from a magneto-optic disk 
1, and that electric resistance changes. 

[0047] Electric resistance change of the GMR sensor 137 specifically takes place as follows. Since the 
1st magnetic film 134 is in contact with the antiferromagnetism film 133, magnetization of the 1st 
magnetic film 134 is being fixed. On the other hand, magnetization of the 2nd magnetic film 136 rotates 
by the external magnetic field from a medium (magneto-optic disk). For this reason, if an external 
magnetic field is received, the sense of magnetization of the 1st and 2nd magnetic films 134,136 will 
change from parallel to anti-parallel. Here, when the magnetization direction of these two magnetic 
films 134,136 is the same (it is parallel), electric resistance becomes small small [ magnetic dispersion 



of the electron flowing in ]. On the other hand, when the magnetization directions of a magnetic film 
134,136 differ (they are anti-parallel), magnetic dispersion of the electron flowing in becomes large, and 
electric resistance also becomes large. Thus, if the giant magneto-resistance component 130 is used, a 
signal-to-noise ratio will be raised and it will become reproducible [ information ]. 
[0048] 

[Effect of the Invention] According to this invention, as explained above, the ingredient of a solid 
immersion lens and the laser beam condensed by this solid immersion lens are chosen suitably, since a 
solid immersion lens and a laser beam are used under the combination of the conditions from which a 
refractive index becomes 2.0 or more, a solid immersion lens is used with a big refractive index, a 
condensing spot is made small, and record playback of the information on high density is attained. 
[0049] In addition, it is desirable for it to be put on the recording surface of the record medium which 
carries out flat-surface movement, and to constitute an optical record regenerative apparatus using the 
slider which surfaces from this recording surface by air bearing, and is located, and to constitute so that 
a solid immersion lens may be arranged in a slider and scan migration of the slider may be carried out 
with a scan drive. If it does in this way, in order that a slider may always maintain a fixed distance by air 
bearing and may surface from a recording surface, the focal device of a lens becomes unnecessary. 
Moreover, the optical mirror for leading the laser beam bundle from a laser light source to a slider, an 
optical prism, an objective lens, etc. can be prepared, and an equipment configuration can be simplified. 
[0050] Moreover, it is desirable to form the jogging actuator which forms the jogging actuator which 
makes the minute migration of the slider carry out in the scan migration direction and this direction in a 
scan drive, or times the inclination of the reflector of an optical prism or an optical mirror finely. 
Thereby, the degree of freedom of optical system becomes high, and highly precise tracking control 
becomes possible with a jogging actuator. 

[0051] The component which has the giant magneto-resistance or the magneto-resistive effect for 
playback to a slider may be prepared, and the equipment which is a small compact and can perform 
highly precise playback by this can be obtained. Moreover, may prepare coiled form conductive wiring 
in the location which counters the record medium in a slider, this conductive wiring is made to perform 
the field modulation of a record medium, and over-writing of record is attained. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which performs information record and 
playback to record media, such as an optical disk, using a laser beam, especially the optical record 
regenerative apparatus which approaches a record medium and comes to arrange a solid immersion lens. 

[0002] 

[Description of the Prior Art] In recent years, the play back system which makes effectual numerical 
aperture of optical system one or more using a solid immersion lens (called a solid emersion lens or SIL) 
in the equipment which carries out record playback of the information optically or a system especially a 
magneto-optic-recording regenerative apparatus, or a system for the purpose of raising recording density 
is proposed. 

[0003] An example of such an optical record regenerative apparatus is shown in drawing 13 , and it 
becomes the parallel flux of light within the fixed optical system 902, and the laser beam (wavelength of 
650nm) injected from semiconductor laser 901 changes a direction by the mirror 904,905 within the 
movable optical system 903, is led to an objective lens 906, turns into light which condenses toward the 
solid immersion lens 907 made from semi-sphere-like glass (refractive index 1.5), and forms a spot in 
the lens base of a solid immersion lens 907. Contiguity arrangement of the base of a solid immersion 
lens 907 is carried out on the front face of the optical record medium (for example, magneto-optic disk) 
910, and the front face of the optical record medium 910 is approaching to the approaching space field at 
the base of a lens of a solid immersion lens 907, and forms a condensing spot in a recording surface 
using the transmitted light and effusion light (EBANESSENTO light) of a solid immersion lens 907. 
[0004] It is in the condition of carrying out high-speed rotation of the optical record medium 910 on the 
occasion of record playback of the information by this equipment, and the condensing spot formed in the 
front face of the optical record medium 910 performs record playback of the optical information on high 
density, making radial carry out scan migration of the solid immersion lens 907 according to the 
movable optical system 903, and adding a focus servo according to an objective lens 906 and a control 
system 908. Thus, the diameter of a condensing spot formed is decided by numerical-aperture N=n- 
sintheta (however, the refractive index of the n: solid immersion lens 907, theta: include angle which 
carries out incidence to a solid immersion lens) of a solid immersion lens 907, and wavelength lambda, 
and is lambda/(n-sintheta) mostly. 
[0005] 

[Problem(s) to be Solved by the Invention] In such an optical record regenerative apparatus, although 
the demand which makes the diameter of a condensing spot as small as possible, and raises recording 
density is strong, it is so desirable that wavelength lambda is so short that the refractive index n of a 
solid immersion lens is large in order to make the diameter of a condensing spot small so that the above- 
mentioned relation may show. Here, there is a limitation in short wavelength-ization of a laser beam, 
and when using semiconductor laser especially as a laser light source, although it is a red field 



(wavelength of 600-700nm), by current, it is thought that a blue field (wavelength of 350-550nm) is also 
a minimum in the future. However, it was very difficult to enlarge a refractive index to the light of such 
short wavelength in the case of a glass ingredient. 

[0006] This invention is what took the example by such situation, and it aims at forming a condensing 
spot smaller than before using a solid immersion lens, and offering the optical record regenerative 
apparatus in which optical record playback of high density is possible, and offering the solid immersion 
lens suitable for such equipment. 
[0007] 

[Means for Solving the Problem] For such purpose achievement, the solid immersion lens concerning 
this invention is made from the ingredient with which the refractive index to the light of some [ with a 
wavelength of 350nm - 700nm / at least ] wavelength range becomes 2.0 or more, and it is used in order 
to condense the light of some [ this / at least ] wavelength range and to make the condensing spot for 
optical record playback form. In addition, as an ingredient suitable for forming such a solid immersion 
lens, there are a diamond, strontium titanate, silicon carbide, a rutile, gallium phosphide, zinc sulfide, an 
arsenic sulfide, lithium niobate, a zirconium dioxide, silicon nitride, etc. 

[0008] Moreover, the laser light source which the optical record regenerative apparatus concerning this 
invention makes generate the laser beam of some [ with a wavelength of 350nm - 700nm / at least ] 
wavelength range, The solid immersion lens in which are arranged in, and it is condensed and the 
condensing spot for record playback is made to approach on the surface of a record medium, and to form 
in response to the laser beam bundle which carries out incidence on the surface of a record medium (for 
example, magneto-optic disk) from a laser light source, The scan drive which makes the scan migration 
of the solid immersion lens carry out in the flat-surface movement direction and the different direction in 
the medium drive to which flat-surface movement (rotation) of the record medium is carried out, and the 
condition of having made the solid immersion lens approaching the front face of the record medium 
which is carrying out flat-surface movement (For example, head arm equipment) It has, and it is 
constituted and the solid immersion lens is made from the ingredient with which the refractive index to 
the laser beam from a laser light source becomes 2.0 or more. 

[0009] Thus, in this invention, the ingredient of a solid immersion lens and the laser beam condensed by 
this solid immersion lens are chosen suitably, and a solid immersion lens and a laser beam are used 
under the combination of the conditions from which a refractive index becomes 2.0 or more. For this 
reason, a solid immersion lens is used with a big refractive index, a condensing spot is made small, and 
record playback of the information on high density is attained. 

[0010] In addition, it is desirable to constitute so that it may be put on the recording surface of the record 
medium which is carrying out flat-surface movement with the medium drive, an optical record 
regenerative apparatus can be constituted using the slider which surfaces from this recording surface by 
air bearing, and is located, a solid immersion lens may be arranged by the slider in this case and scan 
migration of the slider may be carried out by the scan drive. If it does in this way, in order that a slider 
may always maintain a fixed distance by air bearing and may surface from a recording surface, the focal 
device of a lens becomes unnecessary. Moreover, the objective lens which a slider is made to condense 
the laser beam bundle from a laser light source, and is made to irradiate a solid immersion lens can be 
prepared, and a configuration can be simplified. 

[001 1] Moreover, it is desirable to form the jogging actuator which makes the minute migration of the 
slider carry out in the scan migration direction and this direction in a scan drive. Thereby, in a scan 
drive, control performs difficult fine tracking control and the higher-density and highly precise record 
playback of it is attained. 

[0012] The optical prism or optical mirror for reflecting the laser beam from a laser light source in a 
slider, and leading to an objective lens can be prepared. In this case, it is desirable to form the jogging 
actuator which tunes the inclination of the reflector of an optical prism or an optical mirror finely. 
Thereby, the degree of freedom of optical system becomes high, and it becomes possible in highly 
precise tracking control with a jogging actuator. 

[0013] The component which has the giant magneto-resistance or the magneto-resistive effect for 



playback to a slider may be prepared, and the equipment which is a small compact and can perform 
highly precise playback by this can be obtained. Moreover, may prepare coiled form conductive wiring 
in the location which counters the record medium in a slider, this conductive wiring is made to perform 
the field modulation of a record medium, and over- writing of record is attained. 
[0014] 

[Embodiment of the Invention] Hereafter, the desirable operation gestalt of this invention is explained 
with reference to a drawing. The 1st operation gestalt of the optical record regenerative apparatus 
concerning this invention is shown in drawing 1 , a laser beam with a wavelength of about 650nm is 
irradiated toward the fixed optical system 1 1 from semiconductor laser 10, in the fixed optical system 
1 1, it becomes the parallel flux of light, and the 1st mirror 13 within the movable optical system 12 
irradiates. Thus, the irradiated laser beam can change a direction by the 1st and 2nd mirrors 13 and 14 in 
the movable optical system 12, is led to an objective lens 15, turns into light which condenses toward 
the solid immersion lens 16 made from semi-sphere-like silicon carbide (SiC), and forms a spot in the 
lens base of a solid immersion lens 16. Contiguity arrangement of the base of a solid immersion lens 16 
is carried out at surface la of a magneto-optic disk (optical record medium) 1, and surface la of a 
magneto-optic disk 1 is approaching to the approaching space field at the base of a lens of a solid 
immersion lens 16, and forms a condensing spot in recording surface la using the transmitted light and 
effusion light (EBANESSENTO light) of a solid immersion lens 16. 

[0015] It is in the condition of carrying out high-speed rotation of the magneto-optic disk 1 in the 
horizontal plane the core [ revolving-shaft lb ] on the occasion of record playback of the information by 
this equipment, and the condensing spot formed in surface la of a magneto-optic disk 1 performs record 
playback of the optical information on high density, making radial carry out scan migration of the solid 
immersion lens 16 according to the movable optical system 12, and adding a focus servo according to an 
objective lens 15 and a control system 17. 

[0016] The refractive index of the silicon carbide which is the ingredient of a solid immersion lens 16 
here is 2.63 in a laser beam with a wavelength of about 650nm. For this reason, with the combination of 
the semiconductor laser 10 and the solid immersion lens 16 made from silicon carbide which inject a 
laser beam with a wavelength of 650nm as mentioned above, compared with the case where the glass 
ingredient which is about 1 .5 refractive index constitutes a solid immersion lens, the diameter of a 
condensing spot can be made into 57% of magnitude, and recording density can be made into about 3 
times. 

[0017] In addition, in the above-mentioned operation gestalt, although the laser beam with a wavelength 
of 650nm and the solid immersion lens made from silicon carbide were used, combination other than 
this may also be possible, for example, combination as shown in degree table 1 is sufficient. 
[0018] 
[Table 1] 

An ingredient A refractive index (n) Wavelength (lambda) Diamond 2.41 650nm strontium titanate 2.4 
650nm rutile 2.6 650nm gallium phosphide 3.3 650nm zinc sulfide 2.37 650nm arsenic sulfide 2.5 
650nm lithium niobate 2.28 650nm zirconium dioxide 2.2 650nm silicon nitride 2.01 650nm [0019] 
Next, the 2nd operation gestalt of the optical record regenerative apparatus concerning this invention is 
explained with reference to drawing 2 and drawing 3 . This equipment has the information record 
reproducing head 20 approached and located on top-face recording surface la of the magneto-optic disk 
1 by which a rotation drive is carried out a core [ revolving-shaft lb ] with a spindle motor 2, and head 
arm equipment 30 holding this information record reproducing head 20, and is constituted. 
[0020] The information record reproducing head 20 is equipped with the slider 21, and a slider 21 is 
located on top-face recording surface la of the rotating magneto-optic disk 1, and will be in the 
condition that only regularity minute distance surfaced from top-face recording surface la according to 
the air bearing effectiveness (that is, a flying head is constituted). Head arm equipment 30 consists of the 
arm section 33 horizontally prolonged from the upper limit of the revolving shaft 32 by which is 
connected with a voice coil motor 31 and a rotation drive is carried out, and this revolving shaft 32, and 
the suspension section 34 which supports it on the pars intermedia inferior surface of tongue of the arm 



section 33 as permits migration of the upper and lower sides of the information record reproducing head 
20. If the rotation drive of the revolving shaft 32 is carried out by the voice coil motor 31, rocking 
migration of the arm section 33 will be carried out horizontally, the information record reproducing head 
20 is mostly moved in the direction of a right angle (radial) to the hand of cut of a magneto-optic disk 1 , 
and the information record reproducing head 20 is scanned on top-face recording surface la of a 
magneto-optic disk 1 . That is, tracking control is performed. 

[0021] In the information record reproducing head 20, opening 21a of the shape of a circular taper which 
spreads up to a slider 21 is formed, the solid immersion lens 22 made from strontium titanate (SrTi03) 
is arranged in opening 21a, and the objective lens 23 is arranged in the upper part. The arm section 33 of 
head arm equipment 30 is prolonged to the objective lens 23 and the location which counters up and 
down, and while that point has and carries out the reflector 35 which inclined 45 degrees, the high 
reflective film is prepared in this reflector 35 here. In addition, opening 21a may be made full of the 
ingredient which has transparence or light transmission nature. 

[0022] The arm section 33 is formed from hollow or a transparent material, and the laser beam for 
record can penetrate the interior, as the chain line shows. The laser beam for record with a wavelength of 
650nm is irradiated like the chain line through the arm section 33 from the record light irradiation device 
(laser light source) which is not illustrated, after being reflected in the reflector 35 with the high 
reflective film, it converges with an objective lens 23, and incidence of this laser beam is carried out to a 
solid immersion lens 22, and it forms a condensing spot in top-face recording surface la of a magneto- 
optic disk 1 . 

[0023] Actuation of the information record regenerative apparatus of the above configuration is 
explained. A magneto-optic disk 1 is first rotated at the rate of predetermined with a spindle motor 2, 
and the information record reproducing head 20 which was supported by the suspension section 34 of 
head arm equipment 30, and has been arranged on top-face recording surface la of a disk 1 is made into 
the condition that only minute distance surfaced from top-face recording surface la according to the air 
bearing effectiveness. In this condition, it is reflected in a reflector 35, and it converges with an 
objective lens 23, the laser light for record irradiated from the record light irradiation device is irradiated 
[ it irradiates in accordance with the optical path shown with the chain line, and ] by the solid immersion 
lens 22, and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. 
[0024] The magneto-optic disk 1 is driven by constant-speed rotation, the flying height of a slider 21 is 
always fixed, and this flying height is set up here so that a condensing spot may connect a focus to a top- 
face recording surface. For this reason, it is not necessary to establish a focusing device, moreover, the 
flying height — **** — it is minute, recording surface la of a magneto-optic disk 1 approaches to the 
approaching space field at the base of a lens of a solid immersion lens 22, and a condensing spot is 
formed of the transmitted light and effusion light of a solid immersion lens 22. 
[0025] Thus, when recording information by the condensing spot light formed, the condensing spot 
section heats by the laser light irradiated here first more than Curie temperature, the magnetism of this 
part changes using the equipment which impresses an external magnetic field (magnetization reverses), 
information record performs, but since it is the thing of already the common knowledge about this, the 
equipment which impresses an external magnetic field does not illustrate, but also omits that actuation 
explanation. Moreover, the equipment which detects a magnetooptic Kerr effect is used about 
informational playback (reading), and illustration and its explanation are omitted also about this. 
[0026] Although such information record is performed by moving the information record reproducing 
head 20 to radial [ of a magneto-optic disk 1 ] corresponding to rotation of a magneto-optic disk 1 
(scanning), the arm section 33 is rotated centering on a revolving shaft 32 with the voice coil motor 31 
of head arm equipment 30, a scan, i.e., the tracking, of this information record reproducing head 20, and 
it is performed. In addition, it is good also by the linear mold actuator in this rotation. 
[0027] In the case of this 2nd operation gestalt, a solid immersion lens 22 is made from strontium 
titanate, the laser beam for record with a wavelength of 650nm is irradiated from a record light 
irradiation device, a condensing spot is formed, and it is the refractive index n= 2.4 of the solid 
immersion lens 22 at this time. For this reason, a condensing spot smaller than the case where the solid 



immersion lens made from a glass ingredient is used is formed, and high density record playback is 
possible. 

[0028] Next, the 3rd operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 4 . This equipment has the information record 
reproducing head 40 approached and located on top- face recording surface la of the magneto-optic disk 
1 by which a rotation drive is carried out a core [ revolving-shaft lb ] with a spindle motor 2, and head 
arm equipment 50 holding this information record reproducing head 40, and is constituted. 
[0029] The information record reproducing head 40 is equipped with the slider 41, and a slider 41 is 
located on top-face recording surface la of the rotating magneto-optic disk 1, and will be in the 
condition that only regularity minute distance surfaced from top-face recording surface la according to 
the air bearing effectiveness. Head arm equipment 50 consists of the arm section 53 horizontally 
prolonged from the upper limit of the revolving shaft 52 by which is connected with a voice coil motor 
51 and a rotation drive is carried out, and this revolving shaft 52, and the suspension section 54 which 
supports it in the point of the arm section 53 as permits migration of the upper and lower sides of the 
information record reproducing head 40. Rocking migration of the arm section 53 is horizontally carried 
out by the voice coil motor 5 1 , the information record reproducing head 40 is mostly moved in the 
direction of a right angle (radial) to the hand of cut of a magneto-optic disk 1, and tracking control on 
top-face recording surface la of the magneto-optic disk 1 of the information record reproducing head 40 
is performed. 

[0030] In the information record reproducing head 40, opening 41a of the shape of a circular taper which 
spreads up to a slider 41 is formed, the solid immersion lens 42 made from silicon carbide (SiC) is 
arranged in opening 41a, and the objective lens 43 is arranged in the upper part. Furthermore, the micro 
prism 45 is located and arranged above the objective lens 43 through the spacer 44. In addition, the 
micro prism 45 has the reflector 46 in which the high reflective film was prepared. Also in this case, 
opening 41a may be made full of the ingredient which has transparence or light transmission nature. 
[0031] With this equipment, the laser beam for record with a wavelength of 650nm is irradiated like the 
chain line toward the reflector 46 of the micro prism 45 from the record light irradiation device (laser 
light source) which is not illustrated, after being reflected in a reflector 46, it converges with an 
objective lens 43, and incidence of this laser beam is carried out to a solid immersion lens 42, and it 
forms a condensing spot in top-face recording surface la of a magneto-optic disk 1. 
[0032] Since actuation of the information record regenerative apparatus of the above configuration is 
almost the same as that of the case of the 2nd operation gestalt shown in drawing 2 and drawing 3 , the 
explanation is omitted. In the case of this 3rd operation gestalt, a solid immersion lens 42 is made from 
silicon carbide (SiC), the laser beam for record with a wavelength of 650nm is irradiated from a record 
light irradiation device, a condensing spot is formed, and it is the refractive index n= 2.63 of the solid 
immersion lens 42 at this time. For this reason, a condensing spot smaller than the case where the solid 
immersion lens made from a glass ingredient is used is formed, and high density record playback is 
possible. 

[0033] Next, the 4th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 5 . This equipment has the information record 
reproducing head 60 with the jogging micro mirror 64, and head arm equipment 70 holding this 
information record reproducing head 60, and is constituted. 

[0034] The information record reproducing head 60 consists of the solid immersion lenses 62, the 
objective lenses 63, and the jogging micro mirrors 64 which were arranged like illustration on the slider 
61 which surfaces on top-face recording surface la of the magneto-optic disk 1 which rotates by air 
bearing, and this slider 61. In addition, the jogging micro mirror 64 has the actuator 66 which can tune 
the inclination of the reflective mirror side 65 finely. Head arm equipment 70 consists of a revolving 
shaft 72 by which a rotation drive is carried out with a voice coil motor 71, the arm section 73 which 
leads to this revolving shaft 72, and the suspension section 74 which supports the information record 
reproducing head 60 in the point of the arm section 73. 

[0035] Rocking migration of the arm section 73 is horizontally carried out by the voice coil motor 71 . 



Although the information record reproducing head 60 is mostly moved in the direction of a right angle 
(radial) to the hand of cut of a magneto-optic disk 1 and tracking control on top-face recording surface 
la of the magneto-optic disk 1 of the information record reproducing head 60 is performed At this time, 
the inclination of the reflective mirror side 65 can be finely tuned with an actuator 66 in the jogging 
micro mirror 64, minute tracking control can be performed, and tracking control in high degree of 
accuracy can be extremely performed now. 

[0036] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 65 of the jogging micro mirror 64 and is reflected in 
the reflective mirror side 65 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 63, incidence is carried out to a solid immersion lens 62, 
and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. With this 
equipment, a solid immersion lens 62 is made from silicon carbide (SiC), the laser beam for record with 
a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is formed, 
and it is the refractive index n= 2.63 of the solid immersion lens 62 at this time. For this reason, a 
condensing small spot is formed and high density record playback is possible. 
[0037] Next, the 5th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 6 . In this equipment, the information record 
reproducing head 80 consists of the solid immersion lenses 82, the objective lenses 83, and the micro 
mirrors 84 which were arranged like illustration on the slider 81 which surfaces on top-face recording 
surface la of the magneto-optic disk 1 which rotates by air bearing, and this slider 81. In addition, as a 
solid immersion lens 82 is surrounded on the base of a slider 81, the micro coil 86 (refer to drawing 7 ) 
equipped with the coiled form conductive wiring 87 is embedded on it. By energizing to this conductive 
wiring 87, it is possible an over-write [ perform the field modulation of the part which the micro coil 86 
in recording surface la of a magneto-optic disk 1 counters, and / record ]. 

[0038] Head arm equipment 90 consists of a revolving shaft 92 by which a rotation drive is carried out 
with a voice coil motor 91, the arm section 93 which leads to this revolving shaft 92, and the suspension 
section 94 which supports the information record reproducing head 80 through the jogging actuator 100 
in the point of the arm section 93. The configuration of the jogging actuator 100 is shown in drawing 8 , 
and the laminating mold piezoelectric device 103 is arranged between the fixed block 101 connected 
with the arm section 93, and the movable block 102 connected with the suspension section 94, and it is 
constituted. The minute migration of the movable block 102 can be made to carry out in the direction of 
an arrow head to a fixed block 101 by performing energization control to a piezoelectric device 103. In 
addition, a jogging actuator may be replaced with the thing of a piezo-electric mold, and you may 
constitute from a thing of the type using electromagnetic force or electrostatic force. 
[0039] Rocking migration of the arm section 93 is horizontally carried out by the voice coil motor 91, 
the information record reproducing head 80 is mostly moved in the direction of a right angle (radial) to 
the hand of cut of a magneto-optic disk 1, and tracking control on top-face recording surface la of the 
magneto-optic disk 1 of the information record reproducing head 80 is performed. At this time, the 
jogging actuator 100 can perform minute tracking control of the information record reproducing head 
80, and tracking control in high degree of accuracy can be performed extremely. 
[0040] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 85 of the micro mirror 84 and is reflected in the 
reflective mirror side 85 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 83, incidence is carried out to a solid immersion lens 82, 
and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1. With this 
equipment, a solid immersion lens 82 is made from silicon carbide (SiC), the laser beam for record with 
a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is formed, 
and it is the refractive index n= 2.63 of the solid immersion lens 82 at this time. For this reason, a 
condensing small spot is formed and high density record playback is possible. 
[0041] Next, the 6th operation gestalt of the optical record regenerative apparatus concerning this 
invention is explained with reference to drawing 9 . In this equipment, the information record 



reproducing head 1 10 consists of the solid immersion lenses 1 12, the objective lenses 1 13, and the micro 
mirrors 1 14 which were arranged like illustration on the slider 1 1 1 which surfaces on top-face recording 
surface la of the magneto-optic disk 1 which rotates by air bearing, and this slider 111. In addition, the 
micro coil 86 as shown in drawing 7 like the 5th operation gestalt is embedded on the base of a slider 
1 1 L It is possible an over-write [ this performs the field modulation of the part which the micro coil 86 
in recording surface la of a magneto-optic disk 1 counters, and / record ]. 
[0042] The giant magneto-resistance component (GMR component) 130 used for playback of the 
information recorded on the magneto-optic disk 1 is attached at the tip of a slider 1 1 1 as the reproducing 
head. This giant magneto-resistance component 20 is explained with reference to drawing 10 - drawing 
12. 

[0043] The enlarged display only of the magneto-resistive effect component 130 is taken out and carried 
out to drawing 10 , and it covers with the magnetic shielding 131,132 of the upper and lower sides of the 
GMR sensor 137 of 4 layer structure, and two electrodes 138,139 prepared on this, and is constituted so 
that drawing 1 1 which shows the cross section of this component 130, and drawing 12 may show well. 
The GMR sensor 137 is formed in four layers in piles like illustration of the antiferromagnetism film 
133, the 1st magnetic film 134, a nonmagnetic membrane 135, and the 2nd ferromagnetic 136, and has 
the so-called spin bulb structure. In addition, Cu was used for the nonmagnetic membrane 135 at the 1st 
and 2nd magnetic films 134,136 at the antiferromagnetism film 133 using NiFe using FeMn. 
[0044] Head arm equipment 120 consists of a revolving shaft 122 by which a rotation drive is carried 
out with a voice coil motor 121, the arm section 123 which leads to this revolving shaft 122, and the 
suspension section 124 which supports the information record reproducing head 1 10 in the point of the 
arm section 123. Rocking migration of the arm section 123 is horizontally carried out by the voice coil 
motor 121, the information record reproducing head 1 10 is mostly moved in the direction of a right 
angle (radial) to the hand of cut of a magneto-optic disk 1 , and tracking control on top-face recording 
surface la of the magneto-optic disk 1 of the information record reproducing head 1 10 is performed. 
[0045] With this equipment, after the laser beam for record with a wavelength of 650nm is irradiated 
like the chain line toward the reflective mirror side 1 15 of the micro mirror 1 14 and is reflected in the 
reflective mirror side 1 15 from the record light irradiation device (laser light source) which is not 
illustrated, it converges with an objective lens 1 13, incidence is carried out to a solid immersion lens 
112, and a condensing spot is formed in top-face recording surface la of a magneto-optic disk 1 . With 
this equipment, a solid immersion lens 1 12 is made from silicon carbide (SiC), the laser beam for record 
with a wavelength of 650nm is irradiated from a record light irradiation device, a condensing spot is 
formed, and it is the refractive index n= 2.63 of the solid immersion lens 82 at this time. For this reason, 
a condensing small spot is formed and high density record playback is possible. 

[0046] Thus, when recording information by the condensing spot light formed, first, the condensing spot 
section is heated by the laser light irradiated here more than Curie temperature, the magnetism of this 
part is changed using the equipment which impresses the external magnetic field which is not illustrated 
(magnetization is reversed), and information record is performed. Playback of the information which did 
in this way on the other hand, and was recorded on the magneto-optic disk 2 is performed by the giant 
magneto-resistance component 130. This playback is performed where a sense current as carried out the 
seal of approval of the electrical potential difference between two electrodes 138,139 and shown in 
drawing by the arrow head C is passed in the GMR sensor 137, and it is performed using the magneto- 
resistive effect that magnetization of the GMR sensor 137 rotates by the field from a magneto-optic disk 
1, and that electric resistance changes. 

[0047] Electric resistance change of the GMR sensor 137 specifically takes place as follows. Since the 
1st magnetic film 134 is in contact with the antiferromagnetism film 133, magnetization of the 1st 
magnetic film 134 is being fixed. On the other hand, magnetization of the 2nd magnetic film 136 rotates 
by the external magnetic field from a medium (magneto-optic disk). For this reason, if an external 
magnetic field is received, the sense of magnetization of the 1st and 2nd magnetic films 134,136 will 
change from parallel to anti-parallel. Here, when the magnetization direction of these two magnetic 
films 134,136 is the same (it is parallel), electric resistance becomes small small [ magnetic dispersion 



of the electron flowing in ]. On the other hand, when the magnetization directions of a magnetic film 
134,136 differ (they are anti-parallel), magnetic dispersion of the electron flowing in becomes large, and 
electric resistance also becomes large. Thus, if the giant magneto-resistance component 130 is used, a 
signal-to-noise ratio will be raised and it will become reproducible [ information ]. 
[0048] 

[Effect of the Invention] According to this invention, as explained above, the ingredient of a solid 
immersion lens and the laser beam condensed by this solid immersion lens are chosen suitably, since a 
solid immersion lens and a laser beam are used under the combination of the conditions from which a 
refractive index becomes 2.0 or more, a solid immersion lens is used with a big refractive index, a 
condensing spot is made small, and record playback of the information on high density is attained. 
[0049] In addition, it is desirable for it to be put on the recording surface of the record medium which 
carries out flat-surface movement, and to constitute an optical record regenerative apparatus using the 
slider which surfaces from this recording surface by air bearing, and is located, and to constitute so that 
a solid immersion lens may be arranged in a slider and scan migration of the slider may be carried out 
with a scan drive. If it does in this way, in order that a slider may always maintain a fixed distance by air 
bearing and may surface from a recording surface, the focal device of a lens becomes unnecessary. 
Moreover, the optical mirror for leading the laser beam bundle from a laser light source to a slider, an 
optical prism, an objective lens, etc. can be prepared, and an equipment configuration can be simplified. 
[0050] Moreover, it is desirable to form the jogging actuator which forms the jogging actuator which 
makes the minute migration of the slider carry out in the scan migration direction and this direction in a 
scan drive, or tunes the inclination of the reflector of an optical prism or an optical mirror finely. 
Thereby, the degree of freedom of optical system becomes high, and highly precise tracking control 
becomes possible with a jogging actuator. 

[0051] The component which has the giant magneto-resistance or the magneto-resistive effect for 
playback to a slider may be prepared, and the equipment which is a small compact and can perform 
highly precise playback by this can be obtained. Moreover, may prepare coiled form conductive wiring 
in the location which counters the record medium in a slider, this conductive wiring is made to perform 
the field modulation of a record medium, and over-writing of record is attained. 



[Translation done.] 
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